von der Ohe. Physico-chemical characteristics of Apis dorsata, A. cerana and A. mellifera honey from Chitwan district, central Nepal.
therefore proposed certain constituents as quality criteria for honey. These include: moisture content, electrical conductivity, reducing sugars, amount of fructose and glucose, sucrose content, individual sugars, minerals, free acidity, diastase, HMF, invertase, proline, and specific rotation [2] .
In Nepal, there is no effective legislation or policy for the quality control of honeys. Honey is generally harvested by cutting the combs and squeezing the honey, and it is then packed in an odd assortment of glass bottles, mostly pre-used, e.g., in bottles which have contained alcoholic drinks; or in plastic containers. Honey has been used more for medicinal and religious purposes than as a nutritional food. For most Nepalese, it is still a luxury item which is scarcely available and very expensive (US $4/kg); i.e., 1 kg honey is equivalent to 8 kg rice, or 3 kg chicken, or 3 days' wage. The price varies from place to place. At present, honey from commercial beekeepers produced by exotic A. mellifera is sold at a higher price than the squeezed honey harvested from native A. cerana colonies. However, honey from native bee colonies harvested in a 'correct way', or sealed comb honey is of excellent quality (i.e., without any pollutant or residues).
The amount of scientific information on the chemistry of Nepalese honeys is very limited. Phadke [13] in India and Latif et al. [6] in Pakistan made an extensive study of A. cerana honeys. Phadke [14] also studied A. dorsata, A. florea and A. trigona honeys from India. However, these authors did not measure the invertase and proline content which have recently been proposed as quality criteria for honey [2] . Laude et al. [7] compared A. dorsata, A. cerana and A. mellifera honeys from the Philippines. They collected honey samples from the market and from beekeepers, but the influence of different methods of honey harvesting and processing could not be quantified. Therefore, we collected honey samples from different bee species at the same time and from the same floristic area of Nepal to determine the differences, if any, in the physico-chemical characteristic of these honeys.
MATERIALS AND METHODS
Eighty-one honey samples, i.e., 28 A. dorsata, 26 A. cerana (kept in Newton B hives and traditional log hives), and 27 A. mellifera (kept in Langstroth hives) were collected by cutting a piece of honey comb directly from the colonies and storing in a deep freezer within a week. Samples were collected on the same day and from the same floristic region in the Chitwan district, central Nepal.
The moisture content, pH and electrical conductivity (EC) were measured according to the standardised methods of the European Honey Commission [1] . Invertase, proline and glucose oxidase were measured according to the methods of Siegenthaler [17] , Ough [12] and Shepartz and Subers [15] , respectively. Sugar spectra were analysed by high-performance liquid chromatography (HPLC) based on DIN 10758 at the Beekeeping Institute, Celle, Germany. The limits of detection (LOD) and limits of quantification (LOQ) are given in Table I .
The statistical analysis was carried out with the SAS (Statistical Analysis System) for Windows 6.12. Significance tests were carried out using the Bonferroni-Holm method.
RESULTS
Mean results and basic statistics obtained for moisture content, pH, EC, invertase, proline and glucose oxidase are summarised in Table II . The carbohydrate composition of honey (the amount of specific sugars, fructose-glucose ratio and the total of all identified sugars) is given in Table III . The correlations calculated between EC and invertase, proline content and the oligosaccharide L 2 are given in Table IV. (57.15%) of A. dorsata honey samples was found to be higher in moisture content (> 21%) than the maximum allowable content for honey determined by the International Honey Commission [2] . Of A. cerana honey samples, 34.62% exceeded the
DISCUSSION

Moisture content, pH and EC
Moisture content was found to be significantly higher in A. dorsata than in A. cerana and A. mellifera honeys. The majority 
Invertase, proline and glucose oxidase
Invertase and proline were significantly higher in A. dorsata honeys than in A. cerana and A. mellifera honeys (Tab. I). But interestingly, in A. cerana honeys the proline content was significantly lower and the invertase activity was significantly higher than that of A. mellifera honeys. Glucose oxidase, however, did not show a significant difference between the honey types.
Five honey samples from A. cerana were found to contain 140-200 ppm proline, the indicator level for honey adulteration [4, 18, 20, 22] . Since samples were collected directly from the combs and the sugar spectrum did not show any adulteration or sugar feeding (i.e., the sucrose content was < 5%), the indicator level of proline content for A. cerana honey should be lower than that for A. mellifera honey. The proline content of all A. mellifera honey samples was above the indicator level, ranging between 343-1 118 (average 610) ppm. White and Rudyj [22] reported the mean for 740 samples of A. mellifera honey as 503 ppm. Thrasyvoulou and Manikis [19] also reported the proline content of 80 Greek honey samples as 526 ppm, ranging between 264-1 205 ppm.
Contrary to our results, Laude et al. [7] found very low amounts of invertase in A. cerana honeys. In their A. cerana honey samples, HMF (51.5 ± 48.9 ppm) and sucrose content (9.5 ± 4.1%) were very high, and EC was very low compared to that of A. mellifera honeys. They suggested that the EC, invertase activity and other honeyrelated factors were influenced by different methods of beekeeping or treatment of honey by beekeepers, and not due to the different use of honey sources by bee species. In the present study, samples were collected directly from the combs and from the same floristic region. The operational factors or methods of treating honey were also the same. Therefore, the differences in their physico-chemical properties found in the present study were mainly due to the bees' different foraging preferences [5] . It has already been reported that honeydew honey contributes various enzymes, mainly invertase, from the gut and saliva of the insect that has produced it [9] .
As reported by earlier investigators, honeydew honey contains higher amounts of invertase, proline and oligosaccharides [3] . The positive correlations between EC, invertase, proline content and oligosaccharide L 2 found in A. dorsata honey support this theory (Tab. IV).
Sugar spectrum
Sugar analyses gave results that were similar in glucose and fructose content to those obtained by Phadke [13, 14] for A. dorsata and A. cerana honeys in India. The proportion of fructose and glucose and the total amount of reducing sugars were also found to be similar to those recorded électrique ont été déterminés selon les méthodes harmonisées de la Commission Européenne pour le Miel [1] . L'invertase, la proline et la glucose oxydase ont été respectivement mesurées selon les méthodes originales de Siegenthaler [18] , Ough [12] et Shepartz et Subers [15] . Les spectres de sucres ont été analysés en chromatographie liquide haute pression d'après la norme DIB 10758 à l'Institut d'apiculture de Celle, Allemagne. Les résultats montrent que la teneur en eau, la conductibilité électrique, l'activité de l'invertase et la teneur en proline sont significativement plus élevées dans les miels provenant d'A. dorsata que dans ceux provenant d'A. cerana ou d'A. mellifera. Dans les miels d'A. cerana, la teneur en eau, la conductibilité électrique et l'activité de l'invertase sont significativement plus éle-vées que dans les miels d'A. mellifera, mais la teneur en proline est significativement plus faible. Le pH et la glucose oxydase ne présentent pas de différence significative entre les trois types de miel. Le fait que la conductibilité électrique et que l'activité de l'invertase soient plus élevées dans les miels d'A. dorsata et d'A. cerana pourrait être dû à la plus grande teneur en miellat de ces miels. Dans les miels d'A. dorsata il existe une corrélation positive entre la conductibilité électrique, l'invertase et la proline. Il existe aussi une très bonne corrélation entre la conductibilité électrique et l'oligosaccharide L 2 . Ce sucre a été trouvé dans les échantillons de miel qui avaient une conductibilité électrique > 0,7 mS/cm. Il pourrait donc être possible de déterminer si le miel est un miel de fleurs ou un miel de miellat en mesurant la conductibilité électrique et le sucre L 2 . Le nourrissement au sucre n'est pas une pratique répandue dans le région étudiée ; la teneur en saccharose reste donc dans les limites des critères de qualité défi-nis par la Commission Internationale du Miel (IHC) [2] . miel / Apis dorsata / Apis cerana / Apis mellifera / caractéristique physicochimique / Népal by Crane [3] for A. dorsata, A. cerana and A. mellifera honeys. Sugar feeding is not a common practice in the present study area; therefore, the sucrose content in all the honey types was within the limits of the quality criteria established by the IHC [2] . However, it was higher in A. cerana and A. mellifera honeys than in A. dorsata honey. Oligosaccharide L 2 (which is a honeydew-specific sugar) was higher in A. dorsata than in other honeys, and was recorded only in the samples which had more than 0.7 mS/cm EC. Therefore, in combination with EC, the measurement of this sugar could be useful in determining the botanical origin of the honey, whether honeydew or nectar [21] .
From the present study we can conclude that in the same floristic area, the native bees collected more honeydew honey which contained more EC and enzyme invertase than honeys from the exotic bee A. mellifera. Our continuing studies will detail the foraging preferences of different honeybee species in the same floristic area. A further study with year-round honey samples is necessary to fully determine whether the differences in the physico-chemical properties of honeys were mainly due to the different botanical origin (honeydew or nectar) of honey, or to other factors. 
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